Flowers are common habitats for yeasts, and most yeast species isolated from flowers are nectar-inhabiting yeasts (e.g. Brysch-Herzberg, 2004; Morais et al., 2006; Herrera et al., 2008 Herrera et al., , 2013 Starmer & Lachance, 2011; Pozo et al., 2011; Belisle et al., 2014; Sipiczki, 2015) . These yeast communities are generally dominated by ascomycetous species, and insects are thought to be the major vectors for the dispersal of those yeasts (Babjeva & Chernov, 1995; Fonseca & Inácio, 2006; Basukriadi et al., 2010; Pozo et al., 2011) . Species from the clades Metschnikowia, Kodamaea, Wickerhamiella and Starmerella are the most frequent yeasts isolated from the insect-visited flowers (Lachance et al., 2001b) . The Starmerella clade from the order Saccharomycetales includes more than 30 described species (Lachance et al., 2011a; Duarte et al., 2012; Kurtzman, 2012; Limtong et al., 2012; Li et al., 2013; Daniel et al., 2013; Melo et al., 2014; Sipiczki, 2010 Sipiczki, , 2013 Sipiczki, , 2015 , and many have been isolated from insects (mainly bees and beetles), flowers, and various substrates with high sugar concentrations Lachance et al., 2011a) . In this work, we report on the taxonomic examination of four strains isolated from flowers in Iran and China. Strains SAM09 T and SAM10 were isolated from the flowers of Salsola sp. in East Azerbaijan Province, Iran. Strains AS2.3481 and AS2.3486 were isolated from two different flowers (unidentified) in Qilin, Shan'xi Province, and Yanfeng, Hainan Province, China, respectively. Sequence analysis of the internal transcribed spacer (ITS) region (including 5.8S rRNA gene) and the large subunit (LSU) rRNA gene D1/D2 domains showed that these strains represent a distinct species of the Starmerella clade. The name Starmerella orientalis f.a., sp. nov. is proposed for this novel species. The mention forma asexualis is added as a reminder that a sexual state is not known.
Yeast isolation and characterization
Two yeast strains, SAM09
T and SAM10, were isolated from some flowers of a single halophytic semi-shrub (Salsola sp.) collected from a desert in East Azerbaijan Province, Iran in Abbreviations: LSU, large subunit; ITS, internal transcribed spacer.
The GenBank/EMBL/DDBJ accession numbers for the ITS region (including 5.8S rRNA gene) sequence of strains SAM09 October 2012. To isolate the strains, the flowers were washed with sterile distilled water, shredded, and macerated in 20 ml sterile saline solution for 30 min on a shaker. Aliquots of 100 ml from the suspension were spread on the surface of YM agar (0.3% yeast extract, 0.3% malt extract, 0.5% peptone, 1.0% glucose and 2.0% agar; Kurtzman et al., 2011) supplemented with 0.01% chloramphenicol. After incubation at 28 uC for 7 days, yeast colonies were isolated and purified for later identification.
Two other yeast strains, AS2.3481 and AS2.3486, were isolated from two different flowers (unidentified) in Qilin, Shan'xi Province, and Yanfeng, Hainan Province, China, respectively. Samples of flowers were placed into 10 ml acidified YPD broth (1% yeast extract, 2% peptone and 2% glucose, adjusted to pH 4.0-4.5 with HCl; Seki et al., 1985) supplemented with 0.02% chloramphenicol. After incubation at room temperature (about 25 uC) for 12-24 h, aliquots of 100 ml from the 10
21
-or 10
23
-diluted cultures were spread on malt extract agar (Kurtzman et al., 2011) . After incubation for 2 days at room temperature, colonies with different morphological characters were transferred onto malt extract agar plates for further purification and examination.
The strains were characterized morphologically, biochemically and physiologically using standard methods currently employed in yeast taxonomy (Kurtzman et al., 2011) . Ascosporulation was investigated with individual strains or as pairwise combinations on the following media incubated at 17 uC for up to 6 weeks: YM agar, McClary acetate agar, 1% and 5% malt extract agar, potato dextrose agar, corn meal agar, glucose yeast extract (GY) agar, restricted growth (RG) agar (0.02% yeast extract, 0.02% peptone, 0.1% glucose and 2% agar), glucose peptone yeast extract (GPY) agar, and yeast carbon base with 0.01% ammonium sulfate (YCBAS) agar. Assimilation tests and growth at various temperatures were conducted in liquid media.
Capability of sophorolipid production by strains SAM09 T and SAM10 was examined in 100 ml Erlenmeyer flasks containing 20 ml of a synthetic medium (0.1% NH 4 NO 3 , 0.1% yeast extract, 0.05% KH 2 PO, and 0.03% MgSO 4 .7H 2 O; pH 6) supplemented with 3% glucose and 3% olive oil as carbon sources. After incubation at 28 uC and 170 r.p.m. for 10 days, the whole culture (containing both cells and broth) was subjected to extraction with an equal volume of ethyl acetate, and the concentrated crude extract was analysed by TLC on silica gel 60 F254 (Merck) plates with the solvent system chloroform/methanol/water (6.5:1.5:0.2, by vol.; Asmer et al., 1988) and the spots were visualized using anthrone reagent (Konishi et al., 2008b) . Crude sophorolipids produced in the same conditions by Starmerella bombicola SAM16 (GenBank accession number KM269184) was used as a reference.
DNA sequencing and phylogenetic analysis
The sequences of the ITS region (including 5.8S rRNA gene) and the LSU rRNA gene D1/D2 domains were determined from PCR products amplified from genomic DNA using primers NL1 and NL4 (Kurtzman & Robnett, 1998) , and ITS1 and ITS4 (White et al., 1990) , respectively. The sequences, which were deposited in the GenBank database, were compared pairwise using a BLAST search (Altschul et al., 1990) and were aligned with the sequences of related species retrieved from GenBank and CBS databases using the CLUSTAL W (Thompson et al., 1994) algorithm. Phylogenetic trees were reconstructed from the sequences using the neighbour-joining algorithm (Saitou & Nei, 1987) of MEGA software version 5.05 (Tamura et al., 2011) . Confidence levels of the clades were estimated from bootstrap analysis based on 1000 replications (Felsenstein, 1985) . For the reconstruction of combined ITS-D1/D2 tree, the trimmed sequences were concatenated and aligned. The lengths of aligned segments from the ITS region and the LSU rRNA gene D1/D2 domains of the four strains were 393 and 458 nt, respectively.
Species delineation and ecology
The ITS region (including 5.8S rRNA gene) and the LSU rRNA gene D1/D2 domains of the four yeast strains (SAM09 T , SAM10, AS2.3481 and AS2.3486) were amplified and sequenced. No sequence diversity was found in any region of the strains SAM09 T and SAM10. Strains AS2.3486 and AS2.3481 differed from strain SAM09
T by one and three nucleotides in D1/D2 domains and two and one nucleotides in the ITS sequence, respectively. Based on pairwise sequence alignments, strain SAM09 T showed the highest sequence similarity to the type strain of Candida (iter. nom. Starmerella) batistae (3.9% nucleotide substitution) in D1/D2 domains and to the type strain of Candida (iter. nom. Starmerella) powellii (5.6% nucleotide substitution and 8 gaps) in the ITS region (Table S1 , available in the online Supplementary Material). Previous studies have shown that strains with w1% substitution in the D1/D2 domains (Kurtzman & Robnett, 1998) and w3% substitution in the ITS region (Nilsson et al., 2008) usually represent distinct species. These sequence divergences indicated that the four yeast strains represented a hitherto undescribed yeast species. There are four LSU rRNA gene D1/D2 domains sequences in the GenBank database (GenBank accession numbers JN936881-JN936884), belonging to four strains isolated in China (strains YM24782-YM24785), which differed from strain SAM09
T by 1-2 nt substitutions and 0-3 gaps. The BLAST search for ITS region sequences also detected one identical sequence (GenBank accession no. JX010453) from a strain isolated in Iran (strain ISF57), and one sequence (GenBank accession no. HM044861) from a strain isolated in Taiwan that differed from the sequence of the strain SAM09
T by 1 nt. These strains can be assigned to this novel species and their sequences were included in the phylogenetic analyses.
To establish the taxonomic position of the novel species, phylogenetic analysis was carried out with the ITS, D1/D2, and combined ITS-D1/D2 sequences of the strains and the corresponding sequences of the type strains of the Starmerella clade. All trees demonstrated that the strains were located in the large Starmerella subclade at a position distinct from the other species (Figs 1, S1 and S2). The closest related species in all trees were Candida powellii and Candida (iter. nom. Starmerella) floricola but a higher bootstrap value was obtained in the case of the tree reconstructed by combined ITS-D1/D2 sequences. These results confirmed that D1/D2 and ITS sequences should be considered equally important in identifying yeast species as discussed previously by Lachance et al. (2011b) .
The cells of the novel yeast species were ellipsoidal and proliferated by multilateral budding (Fig. 2) . No pseudohyphae and true hyphae were formed on corn meal agar. Sexual reproduction was not observed after mating tests on sporulation media. At the time of writing, only two ascosporic species, Starmerella bombicola and Starmerella meliponinorum, had been reported in the Starmerella clade (Rosa & Lachance, 1998; Teixeira et al., 2003) . Growth reactions on carbon and nitrogen sources and other phenotypic characteristics of the novel species, as presented in Table S2 , were typical of those observed in related species of the Starmerella clade. Strains SAM09 T and SAM10 had identical phenotypic properties but differed from strains AS2.3481 and AS2.3486 in some characteristics including assimilation of raffinose, D-galactose, D-xylose and D-ribose (Table S2 ). The novel species is similar in growth responses to C. powellii and C. floricola, but can be distinguished from C. powellii by the ability to ferment and assimilate sucrose, the ability to produce acid from glucose, the ability to grow at 40 uC, and the inability to assimilate citrate. The novel species differs from C. floricola by its ability to grow at 37 uC, the ability to produce acid from glucose, the inability to ferment raffinose, and the inability to grow on 1% acetic acid.
Strains SAM09
T and SAM10 were isolated from the flowers of a subshrub species of Salsola and strains AS2.3486 and AS2.3481 were obtained from two unidentified flowers. Salsola is a genus of the subfamily Salsoloideae in the family Amaranthaceae. This genus is distributed in central and south-western Asia, North Africa, and the Mediterranean (Akhani et al., 2007) . Strain ISF57 which has an ITS region sequence identical to that from strains SAM09 T and SAM10, was isolated from flower pollen in Iran. Most yeast species in the Starmerella clade are associated with insects and various sugar-rich substrates that these insects visit Lachance et al., 2011a) . Candida powellii and C. floricola, the closest related species to the novel species have been isolated from various insects found in flowers of morning glory (Lachance et al. 2001a) and dandelion flower (Tokuoka et al. 1987) , respectively. Like these species and many other members of the Starmerella clade, the novel species is osmotolerant and can grow in up to 60% glucose. This property is consistent with the high sugar content of nectar, suggesting that the novel yeast species could be a nectar-colonizing species.
Numerous species of the Starmerella clade produce sophorolipids. Sophorolipids are one of the most promising biosurfactants that have applications in several sectors including cleaning, personal care, cosmetics, food and the pharmaceutical industry (Van Bogaert et al., 2007) . These secondary metabolites are synthesized as extracellular carbon storage material upon high carbon:nitrogen ratio conditions and probably have a niche protection function (Van Bogaert et al., 2013) . Seven species of the Starmerella clade are now known to produce significant amounts of sophorolipids: S. bombicola, Candida apicola, Candida batistae, Candida riodocensis, Candida kuoi, Candida stellata and C. floricola (Konishi et al., 2008a, b; Kurtzman et al., 2010; Kurtzman, 2012) . The five latter species synthesize very little lactonized sophorolipids as compared to S. bombicola and C. apicola (Van Bogaert et al., 2013) . In a preliminary test, it was shown that strains SAM09 T and SAM10 produce lactonic and acidic sophorolipids under the condition being studied (Fig. S3) . The low ratio of lactonic:acidic sophorolipids from strains SAM09
T and SAM10 was the same as those reported in closely related species. Further study is needed to confirm the structure of the produced molecules and to evaluate the biotechnological potential of the strains of the novel species. Starmerella orientalis (o.ri.en.ta9lis. L. fem. adj. orientalis from the east, referring to the location where the strains of the species were isolated).
Description of
In YM broth, after 3 days at 25 uC, cells are ellipsoidal, 1.2-4.2|3.1-6.5 mm and occur singly, in pairs or in small clusters (chains of three to six cells; Fig. 2) . Budding is multilateral. Sediment and a loose surface ring are formed after one month. On YM agar after 3 days at 25 uC, colonies are cream, convex and smooth with entire margins (Fig. S4) . In Dalmau plates after 14 days at 25 uC on corn meal agar, pseudohyphae or hyphae are not formed. Ascosporulation is not observed. Growth reactions are listed as observed in the type strain; reactions of additional strains of the species are indicated in parentheses if different. Glucose, sucrose and maltose are fermented; D-galactose, lactose, raffinose and trehalose are not fermented. Glucose, sucrose, maltose and D-glucitol are assimilated; slow assimilation is observed for raffinose (variable), L-sorbose (positive), glycerol (positive), D-mannitol hydrochloride, cadaverine hydrochloride and L-lysine are assimilated; potassium nitrate and sodium nitrite are not assimilated. Growth in vitamin-free medium is negative. Growth on medium containing 60% glucose and 15% sodium chloride plus 5% glucose is positive, but growth on 20% sodium chloride plus 5% glucose is negative. Growth in medium containing 0.01% cylcloheximide and 1% acetic acid are negative. The maximum growth temperature is 40 uC. Gelatin liquefaction is absent. Acid formation is present. Acid formation on chalk agar is positive. Starch-like compounds are not produced. Diazonium blue B reaction is negative. Urease activity is negative.
The type strain is SAM09 T and was isolated from the flower of Salsola sp. from East Azerbaijan Province, Iran in October 2012. The strain has been deposited in the Iranian Biological Resource Center (IBRC), Iran, as IBRC-M 30204 T , and the Centraalbureau voor Schimmelcultures (CBS), Utrecht, The Netherlands, as CBS 14142
T . Additional strains of the species are SAM10 (5IBRC-M 302035CBS 14143), AS2.3481 (5CGMCC 2.03481) and AS2.3486 (5CGMCC 2.03486).
The MycoBank number is MB 814379. T grown in YM broth for 3 days at 25 8C. Bar,
